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ABSTRACT Buckwheat sprout is used as vegetable, and also 

flour for making noodles, and so on. Currently, information 

about tissue culture in buckwheat is limited and restricted to 

micro-propagation. We carried out somatic embryogenesis and 

plant regeneration using hypocotyl segments as explant of the 

cultivated buckwheat species, Fagopyrum esculentum which 

differs from existing studies in the growth regulator combin-

ations used. Maximum callus regeneration was induced on MS 

medium containing 2,4-dichlorophenoxyacetic acid (2,4-D) 2.0 

mg · L
-1
, benzyladenine (BA) 1.0 mg · L

-1
 and 3% sucrose. 

Friable callus was transferred to solidified MS media containing 

BA (1.0 mg · L
-1
) with various concentrations of 2,4-dichloro-

phenoxyacetic acid for the induction of embryogenesis. The 

optimum concentrations of growth regulators (for regeneration 

of plantlet) were indole-3-acetic acid (2.0 mg · L
-1
), Kinetin (1.0 

mg · L
-1
), BA (1.0 mg · L

-1
). Only 2,4-D did not show any 

significant effect on callus induction or embryogenesis. 

Regeneration of embryonic callus varied from 5% to 20%. 

Whole plants were obtained at high frequencies when the 

embryogenic calli with somatic embryos and organized shoot 

primordia were transferred to MS media with 3% sucrose. The 

main objective of this research was to develop an efficient 

protocol for plant regeneration for common buckwheat, and to 

apply in future for genetic transformation. 
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Buckwheat, Fagopyrum esculentum Moench, is a cereal 

grain species of the Polygonaceae family. Buckwheat is 

gaining all-inclusive importance as a panorama of food 

crop due to its highly nutritive value. Buckwheat is pseudo-

cereal crops, which are good source for essential amino 

acid like lysine, and also has excellent protein quality in 

terms of essential amino acid composition. It is a multipur-

pose crop with a variety of utilization such as food, feed, 

medicine and manure (Dutta et al., 2010; Han et al., 2011). 

It already has been proven that Buckwheat is widely 

adapted in China, Japan, Korea, Canada and some hilly 

region in the world. The crop matures in a relatively short 

period of time (70 to 80 days) and makes an excellent 

rotation with cereal grains. The regeneration of buckwheat 

plants via organogenesis or somatic embryogenesis from 

cotyledon explants has been previously reported (Neskovic 

et al., 1987). Now a day, there is a growing interest in 

common buckwheat biotechnology because in vitro techniques 

can provide the means for obtaining somaclones, induced 

variants, and genetically transformed plants, which can be 

used both in breeding and in biotechnological production 

of bioactive compounds. Somatic embryos have also proved 

to be excellent material for genetic transformation studies 

due to their competency in expressing incorporated DNA. 

The regeneration system is the prime importance for 

genetic transformation (Farzana et al., 2008). However, the 

procedure and efficiency of buckwheat plant regeneration 

was complicated and even not easily available to the 

scientists yet. A simple and efficient method for the 

regeneration of autonomous plants from tissue culture is 

essential to establish a genetic transformation protocol for 

F. esculentum. Buckwheat has remained a crop with low 

seed set due to certain characteristics which prevent the 

application of conventional breeding methods (Kreft, 1983). 

The main obstacles in buckwheat breeding include its very 
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Table 1. Effect of different concentrations of BA and 2,4-D 

on the induction of callus from hypocotyls of 

common buckwheat.

Plant growth regulators Mean of callus initiation

BA 0.1 mg · L
-1

 + 2,4-D 1.0 mg·L
-1

2.6 ± 0.88
c

BA 0.1 mg · L
-1

 + 2,4-D 2.0 mg·L
-1

8.6 ± 0.88
ab

BA 0.1 mg · L
-1

 + 2,4-D 4.0 mg·L
-1

8.0 ± 1.52
ab

BA 0.1 mg · L
-1

 + 2,4-D 8.0 mg·L
-1

5.0 ± 2.00
bc

BA 1.0 mg · L
-1

 + 2,4-D 1.0 mg·L
-1

9.0 ± 1.00
ab

BA 1.0 mg · L
-1

 + 2,4-D 2.0 mg·L
-1

9.6 ± 0.33
a

BA 1.0 mg · L
-1

 + 2,4-D 4.0 mg·L
-1

8.0 ± 2.00
ab

BA 1.0 mg · L
-1

 + 2,4-D 8.0 mg·L
-1

8.3 ± 1.20
ab

Data represent the mean ± SE of 10 segments of hypocotyls 

per treatment in three repeated experiments, mean each 

column followed by same letter are not significantly different 

according to DMRT at 0.05%.

Table 2. Effect of various concentrations of IAA, Kinetin, and 

BA on the regeneration of plantlet from hypocotyl 

callus of common buckwheat.

Hormone Concentrations

Regenerated PlantsIAA 

(mg · L
-1

)

Kinetin 

(mg · L
-1

)

BA 

(mg · L
-1

)

2.0 0 1.0 -

2.0 0 5.0 -

2.0 1.0 1.0 +++

2.0 1.0 5.0 ++

Plant regeneration estimated as follows: Poor (-), Very good 

(++), and Excellent (+++)

strong self/cross-incompatibility and its indeterminate type 

of growth and flowering. Modern biotechnology may 

provide the means of overcoming these problems in novel 

ways (Neskovic et al., 1995). The main objective of this 

research was to develop a rapid and simple method for 

high efficiency plant regeneration from the hypocotyls of 

buckwheat.

Materials and Methods

Plant material and source of explants

Seeds of common buckwheat (F. esculentum) were 

collected from the field at Chungbuk National University, 

Cheong-ju 361-763, Korea. Plants were grown during the 

summer when the temperature was 28 to 30℃. The physio-

logy of this species is timed so that plants will bloom and 

set seed when the hot, dry weather is over. Seeds were 

harvested and stored at 10℃. An experiment of somatic 

embryogenesis was conducted in the Lab. of Biotechno-

logy, Chungbuk Agricultural Research and Extension 

Services, Chungcheongbuk-do 363-883, Korea. Seed coats 

were removed and then surface sterilized for 20 second in 

70% ethanol and then transferred to 0.3% (v/v) sodium 

hypochlorite solution containing a drop of Tween 20 for 

30 min and rinsed five times in sterile distilled water. The 

sterilized decoated seeds were germinated on growth 

regulators free MS liquid medium (Murashige and Skoog, 

1962) with the support of filter paper boats. After one 

week of germination, hypocotyl explants were collected 

from germinated seedlings and used as in vitro explants 

and placed on callus induction medium. 

Callus induction and plant regeneration

Eight combinations of auxin and cytokinin concentrations 

were tested for callus induction efficiency (Table 1). 

Approximately equal numbers (10 hypocotyls segment) of 

explants were placed on media containing MS salts, myo-

inositol (100 mg · L
-1

), sucrose (3%), and different combin-

ations of 2,4-D, and BA. The pH was adjusted to 5.8, 

0.8% agar was added, and the media were autoclaved at 

121℃ for 15 min. Cultures were incubated in diffused 

light (~1200 lux) at 24℃ and sub-cultured into fresh 

medium at every three weeks. For the regeneration, small 

fragments of friable callus were transferred to MS basal 

medium containing BA, kinetin, and IAA (Table 2). The 

somatic embryos and shoots were then transferred to half-

strength, hormone-free MS medium with 3% sucrose. 

Statistical Analysis

All experiments were set up in completely randomized 

block design (RCBD) and three times with 10 replicates 

per treatments. Statistically difference among the means 

was analyzed by DMRT test using PSAW ver. 17. The 

results are expressed as the means ± standard error (SE) of 

three independent experiments.
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Fig. 1. Callus induction from hypocotyl segments of common 

buckwheat, which is effected by (A) BA 1.0 mg · L
-1

and (B) BA 0.1 mg · L
-1

.

Fig. 2. Plant regeneration from embryogenic callus from 

hypocotyls of common buckwheat; (A) Non-embrogenic

callus, (B) regeneration of shoot from somatic embryo

on MS medium containing of IAA 2.0 mg · L
-1

, 

Kinetin 1.0 mg · L
-1

, BA 1.0 mg · L
-1

.

Results and Discussion

Explants which developed on growth regulator free MS 

medium did not exhibit any growth. They became brown 

and died after a few days of culture. On medium containing 

growth regulators, explants after 2 weeks of culture formed 

calli differing by their coloration and aspect. Most of them 

were whitish and compact but not embryogenic. Some of 

them were yellowish and friable. When the calli were 

transferred into free growth regulator medium or into 

medium containing various concentrations of growth 

regulators, it continued to grow and did not exhibit any 

neo-formation. After 2 weeks, some calli altered from 

whitish to yellowish, friable and showed yellow light 

structures at their surface globular which developed into 

somatic embryos. In embryogenesis stages, calli showed as 

globular, torpedo (Fig. 1). Of the various media tested, MS 

supplemented with BA and 2,4-D were the best for callus 

induction and tissue proliferation. Prolonged maintenance 

on these media for up to four weeks resulted in root 

formation. The optimum hormone supplements were highly 

induced callus with minimum root at BA 1.0 mg · L
-1

 and 

2,4-D 2.0 mg · L
-1

 in MS media containing 3% sucrose 

(Table 1 & Fig. 1). After three-weeks of subculture period 

on this initiation medium, the explants were transferred to 

the embryo induction media. Different concentration of MS 

supplemented hormone such as 2,4-dichlorophenoxyacetic 

acid, kinetin, and benzyladenine showed good callus formation 

in cotyledon of common buckwheat, which is similar to 

our results (Woo et al., 2000). 

Eight treatments were exhibited callus under diffused 

light condition coupled with different supplemental growth 

regulators, respectively. In our experiment, 2,4-D and BA 

is the most common growth regulator as used. Different 

combinations of 2,4-D and BA showed various results, 

which is resulted different callus percentage. According to 

our finding, 2,4-D showed vital responsibility with BA for 

callus induction. Furthermore, 2,4-D increased the number 

of explants which caused bud forming and embryogenic 

tissue, but was not essential for morphogenesis (Neskovic 

et al., 1987). Auxins, in particular 2,4-D, are known to 

promote the induction of somatic embryogenesis, whereas 

embryo development proceeds on the hormone depleted or 

hormone-free medium (Steward et al., 1970). The cytokinin 

as BA requirement for somatic embryo development is 

known to be species specific (Kohlenbach et al., 1978). 

Cytokinins are important for accelerating the maturation of 

somatic embryos and especially for cotyledon development 

(Ammirato et al., 1983). For embryo induction, the embryos 

were sub-cultured on MS media containing various concentr-

ations of BA, Kinetin and IAA, and sucrose (3%). After 

two passages on these medium at three-week interval, the 

calli on IAA 2.0 mg · L
-1

, Kinetin 1.0 mg · L
-1

 and BA 1.0 

mg · L
-1

 produced well-organized nodular regions, which 

had a high probability of embryogenesis (Table 2 & Fig. 

2 & 3). The non-embryogenic parts of the calli turned 

brown due to excessive exudation of phenolics, which 

polymerized to form pigments. To maintain their embryo-

genic potential, the white nodular segments were separated 

from the underlying dark translucent callus and sub-cultured 

on fresh medium with 0.2 mg·L
-1

 Kinetin and various 

concentrations of BA. Between 5% and 20% of nodular 
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Fig. 3. Plant regeneration from embryonic callus of common buckwheat during developmental stage with enlarged hypocotyls 

of plantlets on the combination of IAA 2.0 mg · L
-1

, Kinetin 1.0 mg · L
-1

 and BA 1.0 mg · L
-1

 growth regulators.

calli became embryogenic on the different media. 

All treatments were maintained under diffused light 

conditions. The somatic embryoids were then transferred to 

a growth regulator free medium MS salts and sucrose 

(3%). The embryos were germinated to produce plantlets. 

The frequency of regeneration varied with respect to the 

composition of the media. The highest number of plants 

regenerated from MS medium containing IAA 2.0 mg · L
-1

, 

Kinetin 1.0 mg · L
-1

, BA 1.0 mg · L
-1

 with 3% sucrose. 

When medium contained sucrose alone, kinetin significantly 

stimulated subsequent plant regeneration in rice. Because 

kinetin did not necessarily benefit both the quantity and 

regenerative capacity for callus, the decision to include 

kinetin is based on genotype and the culture purpose, 

which is massive callus or regenerative callus (Al-Khayr et 

al., 1996). Various concentrations of BA and Kinetin 

showed efficient performance in shoot organogenesis in 

common buckwheat (Lee et al., 2009; Woo et al., 2000), 

which is proved our findings. The somatic embryos 

appeared in clusters on the embryogenic callus. At the 

cotyledonary stage, many embryos were very small and 

inconspicuous. A similar phenomenon was reported by 

Neskovic et al., (1995) in common buckwheat. However, 

in our experiments, direct regeneration of shoots also was 

observed occasionally. In vitro regeneration of cultivated 

buckwheat has been reported from a range of explant 

sources including: hypocotyls (Lachmann and Adachi, 

1990; Woo et al., 1997; Yamane, 1974), cotyledons 

(Miljus-Djukic et al., 1992; Srejovic and Neskovic 1981; 

Woo et al., 2000), immature inflorescences (Takahata, 1988), 

protoplasts (Adachi et al., 1989), and anthers (Bohanec et 

al., 1993). Somatic embryogenesis has occurred in cultures 

of immature embryos of common buckwheat (Lachmann 

and Adachi, 1990).

Whole plants were obtained at high frequencies when the 

embryogenic callus with somatic embryos and organized 

shoot primordia were transferred to MS media with 3% 

sucrose. Best callus induction and somatic embryogenesis 

were observed on medium containing BA 1.0 mg · L
-1

, 

2,4-D 2.0 mg · L
-1
, and IAA 2.0 mg · L

-1
, Kinetin 1.0 mg · L

-1
, 

BA 1.0 mg · L
-1

 with 3% sucrose. The present embryogenesis 

system offers a highly regenerative system for common 

buckwheat, which could be applied for genetic transform-

ation. Therefore, while induction was possible for most 

source plants, genotypic effects may still be a consider-

ation with regard to the applicability of this technique for 

propagation of selected common buckwheat genotypes.
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